As concrete forms, panel forms made of plywood used to be widely used, but recently a system form made of aluminum has been broadly adopted because of the advantages it offers in terms of constructability and economy. However, an aluminum form reacts with concrete, which is alkali, and creates hydrogen gas. As a result, air pockets occur on the concrete's surface, and its finishability deteriorates. Therefore, this research analyzed the relationship between the distribution of voids and surface roughness and the damage degree and number of uses of the aluminum form. The analysis of the distribution of voids shows that the number of voids of 0.1~1 mm, which are considered to have occurred because of chemical reaction, was 200~500 on the coating plywood, but was 1 500~2 000 on the aluminum form after 3 uses, and impossible to count after a higher number of uses. Surface roughness was 1.7~3.2 ㎛ on the coating plywood form, but was about 2.6 ㎛ after the first use and about 6.8 ㎛ after 10 uses, a 2.6-fold increase. Distribution of voids did not show a particular tendency depending upon the degree of damage to the concrete form, but surface roughness showed an increasing tendency as the degree of damage grows. Therefore, when using aluminum forms, surface maintenance should be carried out completely, such as prevention of damages to the form surface coating materials and spreading of separating materials on forms.
Introduction
As a concrete form, panel forms made of cedar or plywood have been in wide use, but recently the aluminum system forms shown in Figure 1 have been mainly employed in construction work [1] . The aluminum form is made in a factory by combining the frame bar and the sheet into one. Its effective tolerance is small, enabling a constant and precise quality of concrete to be secured. In addition, it is ⓒ2013 The Korea Institute of Building Construction, All rights reserved.
less rusty than steel forms, and is lightweight, about 1/3 the weight of a steel form. For these reasons, the aluminum form has good constructability and is economically advantageous, as it offers reduced transportation cost and labor cost [2, 3] .
On the other hand, when the aluminum form makes direct contact with strong alkali concrete, the chemical stability becomes deteriorated due to the aluminum's high ionization [4, 5] . That is, when concrete is placed on pure aluminum forms, the surface of the concrete was found to be partially discolored after removing the forms, and air pockets are also found, which are generated as the result of reaction between alkali components in concrete, such as potassium hydroxide and alumi-num, which has been reported to deteriorate the surface finishability of concrete. Therefore, aluminum form manufacturers usually coat synthetic resin, including polyethylene(PE), on the sheet where concrete is contacted to avoid direct contact of concrete with aluminum. However, the coated sheets are often damaged at construction sites by careless handling of the forms (drop and impact), as well as the removal of concrete residues by scratching and grinding. In addition, it is reported that finishability of the target surface is not secured due to various causes, including the repeated use of forms without the application of stripper. Therefore, as a fundamental study to elucidate defect factors of surface finishability of concrete used in construction work, this study aims to analyze the impact of the degree of damage and the number of uses on surface finishability, including the number based on pore size and surface roughness. Table 2 .
We planned the experiment by setting a total of 7 damage levels of concrete: no damage to 6 times of surface damage of the aluminum form Table 8 shows the physical properties of fresh concrete, and Figure 6 shows the surface finishability of concrete according to the degree of damage of the form (including coated plywood) and the number of uses. While it is hard to clearly see the relationship between the surface finishability and the degree of damage or the number of uses with the images, it was found that the higher the degree of damage or the more the form was used, the more the surface quality was deteriorated. use, and the concrete's surface became so deteriorated that it was impossible to count the pores generated by chemical reaction when the form was used more than three times. This implies that the surface of the soft aluminum form is greatly deteriorated according to the number of uses compared to that of the coated plywood form, and the damaged parts actively reacted with the initial hydrates of alkali substances of concrete so that a large quantity of hydrogen gas was generated.
Experiment results and analysis

Physical properties of concrete
Distribution of pores on the concrete surface
Equations (1) through (3) express the steps of generating hydrogen gas in chemical reaction.
On the other hand, there were found to be about 20-150 1~3 mm pores without a constant pattern, and 0-40 more than 5mm pores, and it is believed that the pores were related more to construction factors rather than the damage degree or a form type. On the other hand, the aluminum form showed that the higher the number of uses, the rougher the surface. That is, the roughness was 1.8~3.9㎛
at the first time of use, but increased to 6.2~7.7 ㎛ at the 10 th time of use, which was 2.6 times higher compared with the first time of use. This implies that like the pore distribution, the higher the number of uses of the soft aluminum form, the greater the degree of damage, which re-sulted in a concrete surface that was much rougher.
In addition, Figure 12 shows the surface roughness expressed with the average number of uses according to the extent of damages. When the aluminum form was used, the roughness was shown to be 5.0~6.4㎛ overall, which means the greater the degree of damage, the rougher the surface. However, in the coated plywood form the roughness was shown to be 2.5㎛, which is satisfactory. It is believed, as described earlier, that the soft aluminum form was greatly damaged by use compared with the coated plywood form.
Conclusion
This study is a fundamental study to elucidate the defect factors of surface finishability of concrete formed in an aluminum form. The pore distribution and surface roughness were analyzed according to the degree of damage and the number of uses of the aluminum form, and the test results can be summarized as follows.
1) In terms of pore distribution according to the number of uses, at the third time of use there were found to be about 200-500 0.1-1mm pores generated by chemical reaction on the surface when using 50x50mm coated plywood form, while there were about 1,500-2000 on the surface when using 50x50mm aluminum form. When the aluminum form was used more than three times, the concrete's surface was so greatly deteriorated that the pore distribution could not be measured. 2) There were found to be about 20 to 150 1-3mm pores without a clear pattern, and about 0-40 3-5mm and greater than 5mm pores, which is believed to have been affected by construction factors including carelessness and error rather than damage degree or form type.
3) In terms of surface roughness according to the number of uses, the roughness of plywood form was shown to be 17-3.2㎛ without a pattern, and the higher the number of uses of aluminum form, the rougher the surface became. More specifically, when it was used for the first time, the roughness was about 2.6 ㎛, and when it was used 10 times, the roughness was about 6.8㎛, which is 2.6 times higher than that of the first use. 4) The pore distribution did not show any pattern according to degree of damage, but it was found that as the degree of damage became higher, the surface became slightly rougher. In sum, when using an aluminum form, the number of pores and surface roughness increased as the degree of damage and the number of uses increased. Therefore, forms should be treated with care to ensure there is no damage on the surface coating. It was also found that when the stripper was applied to a form at every use, the concrete showed satisfactory surface finishability even after 10 uses of the form.
